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Abstract formalism Bayesian approach 
for mathematical learning theory, 41, 67 to image reconstruction, 42, 60 
Acceptor BCH codes 
tessellation, two-dimensional multipass generalized, in new class of error- 
on-line, 41, 305 correcting codes, 40, 61 
Adaptive learning theorem Behavior 
in mathematical learning theory, 41, 67 almost interactionless, interactive L 
Affine families systems with, 43, 83 
of Boolean functions, number of, 43, 327 Binary arrays 
Algorithm two-dimensional, with good autocor- 
vote-taking, in decoding maximum relation, 42, 125 
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abstract, distortion-rate functions, 40, Block codes 
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Arrays Boolean functions 
binary, two-dimensional: with good number of affine families, 43, 327 
autocorrelation, 42, 125 Bottom-up 
Asymmetric odes parsers, 43, 280 
error-correcting, binary: theory, 40, 20 tree transductions, composition, 41, 186 
Autocorrelation Bound 
good, two-dimensional binary arrays inner, two-way channel capacity region 
with, 42, 125 can exceed, 40, 258 
Automata Branching property 
bus, and immediate languages, 40, 88 measures of information, 41, 214 
cellular graph Bus 
basic concepts, graph property automata, and immediate languages, 
measurements, and closure proper- 40, 88 
ties, 42, 305 
graph and subgraph isomorphism, C 
and graph structure recognition, 42, 
330 Capacity region 
one-dimensional binary cellular systems, general multiple-access channel with 
synthesis from composite local correlated sources, 40, 37 
maps, 43, 304 two-way channel, can exceed inner 
pushdown store, realtime: and linear bound, 40, 258 
languages, 42, 27 Catenativeness 
Automorphism local, DIL systems, 43, 266 
groups, group theoretic transforms Cell systems 
and, 41, 147 global mapping space, 43, 24l 
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Cellular graph automata 
basic concepts, graph property measure- 
ment, and closure properties, 42, 305 
graph and subgraph isomorphism, and 
graph structure recognition, 42, 330 
Certainty equivalence 
in linear-quadratic ontrol problems 
with nonlinear measurements, 41, 
119 
Channel 
computation, error detection and cor- 
rection in, 40, 335 
discrete memoryless, relative capacity: 
calculation by iteration method, 
43, 216 
multiple-access, general: with correlated 
sources, capacity region, 40, 37 
two-way, capacity region can exceed 
inner bound, 40, 258 
Charge 
average, nonadditive measures: for 
heterogeneous questionnaires, 41, 
232 
Closure 
cellular graph automata, 42, 305 
Codes 
binary 
asymmetric error-correcting, theory, 
40, 20 
optimal, 40, 332 
block, soft decision decoding, 41, 165 
convolutional 
generalized permutations in 40, 332 
optimal, over GF(4) with memory spafl, 
40, 332 
diagonal tree, 40, 234 
error-correcting 
decoding by vote-taking algorithm, 
43, 195 
new class of, 40, 61 
generalized BCH, in new class of error- 
correcting codes, 40, 61 
polynomial, of Goethals: in new class of 
error-correcting codes, 40, 61 
reflective, reflective star languages and, 
42, 1 
Coding 
with minimal costs, 40, 291 
with permutations, 43, 1 
source, variable length: cost depending 
only on code word length, 41, 136 
Combinatorial filing scheme 
redundancy of queries of order two in, 
43, 255 
Combinatorial structures 
t-designs, and weighted majority de- 
coding, 42, 261 
Complements 
bounded context-sensitive languages, 
42, 283 
Complete degrees 
finite-state transformability, isomorph- 
ism of, 40, 192 
Complexity classes 
tally languages and, 43, 198 
Compound hypothesis 
testing, with finite memory, 40, 223 
Computation 
channels, error detection and correction 
in, 40, 335 
parallel, model: functional equivalences 
in, 41,247 
Conditional grammars 
generative capacity, 43, 178 
Context 
-dependent L forms, 42, 97 
-free 
grammar, linear: average stack size of 
derivation tree generated by, 42, 
354 
languages family, incomparable with 
matrix languages finite index family, 
43, 101 
languages, generated by noncontext 
free grammars, 43, 187 
of parallel programs, top-down design 
in, 40, 241 
-sensitive languages, bounded: com- 
plements, 42, 283 
Contractors 
integral, use in solution of stochastic 
integral equation, 41, 56 
Control 
linear-quadratic, problems: certainty 
equivalence in, 41, 119 
Convolutional codes 
generalized permutations in, 40, 332 
optimal, over GF(4) with memory 
span, 40, 332 
Coordinate-free theory 
of eigenvalue analysis, 12, 38 
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Cost 
function only of code word length, in 
variable-length source coding, 41, 
136 
minimal, coding with, 40, 291 
Cycle structure 
nonlinear shift register sequences, 43, 
202 
D 
Decision problems 
locally catenative property for DIL 
systems, 43, 266 
Decision trees 
complexity: for evaluation of Quasi- 
Optimizer and power of heuristic 
rules, 40, 1 
Decoding 
complete, error-correcting codes: by 
vote-taking algorithm, 43, 195 
majority, weighted: generalized t-designs 
and, 42, 261 
soft decision, optimum: with graceful 
degradation, 41, 165 
Degradation 
graceful, optimum soft decision de- 
coding with, 41, 165 
Derivations 
maximal, for probabilistic strings in 
stochastic languages, 42, 290 
Designs 
t, generalized: and weighted majority 
decoding, 42, 261 
top-down, in parallel programs, 40, 241 
Deterministic bottom-up-parsing canoni- 
cal, 43, 280 
Deterministic interactive L systems 
locally catenative property, 43, 266 
Digital topology 
fuzzy, 40, 76 
Discrete systems 
nonlinear, functional equivalence in, 
42, 131 
Discrete-time 
Lyapunov matrix equation, extremal 
properties, 40, 285 
Distortion 
-rate functions, abstract alphabet, 40, 181 
Divergence 
characterization, applications to 
questionnaire information, 41, 1 
EDTOL systems 
substitutions in, 42, 194 
Eigenvalue 
analysis, coordinate-free theory, 42, 38 
Equality languages 
and fixed point languages, 43, 20 
Equations 
stochastic ntegral, solution using integral 
contractors, 41, 56 
Equivalence 
certainty, in linear-quadratic ontrol 
problems with nonlinear measure- 
ments, 41, 119 
tractional 
in class of autonomous one-dimen- 
sional nonlinear discrete-time 
systems, 42, 131 
in model for parallel computation, 41, 
247 
0L-DOL, decidability, 40, 301 
strong, relations with mutual informa- 
tion and signal sample path proper- 
ties for Gaussian processes, 41, 156 
Erratum 
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Error 
-correcting codes 
binary asymmetric: theory, 40, 20 
decoding by vote-taking algorithm, 
43, 195 
new class of, 40, 61 
detection and correction in computa- 
tion channels, Fourier transform 
over finite groups for, 40, 335 
Events 
reset-free, star height, 40, 267 
strictly locally testable, star height, 40,267 
Expansion 
Karhunen-Lo6ve, relation to coordinate- 
free eigenvalue analysis, 42, 38 
Extremal properties 
discrete-time Lyapunov matrix equa- 
tion, 40, 285 
F 
Fields 
finite, new indexing polynomials of, 
41, 243 
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Filing scheme 
combinatorial, redundancy of queries 
of order two in, 43, 255 
Filters 
recursive, multidimensional: realization 
problem for, 43, 338 
Finite 
fields, new indexing polynomials of, 
41, 243 
memory, compound hypothesis testing 
with, 40, 223 
-state transformability, complete de- 
grees: isomorphism of, 40, 192 
Fixed point languages 
equality languages and, 43, 20 
Fourier transform 
over finite groups for error detection and 
correction in computation channels, 
40, 335 
Functions 
Boolean, number of affine families, 43, 
327 
distortion-rate, abstract alphabet, 40, 181 
Fuzzy 
digital topology, 40, 76 
mathematical relationships, investiga- 
tion of solutions, 41, 29 
-valued logic, operations in, 43, 224 
G 
Galois field 
with memory span, optimal convolu- 
tional codes over, 40, 332 
Gaussian processes 
mutual information, strong equivalence, 
and signal sample path properties, 
41, 156 
Generative capacity 
conditional grammars, 43, 178 
Graceful degradation 
optimum soft decision decoding with, 
41, 165 
Grammars 
bottom-up arser for, 43, 280 
conditional, generative capacity, 43, 178 
graph, context free: families of graphs 
generated by, 42, 72 
inside-out, Szilard languages of, 40, 319 
linear context free, average stack size of 
derivation tree generated by, 42, 354 
macro 
bounded nesting in, 42, 157 
top-down parsing scheme for, 40, 123 
noncontext free, generating context 
free languages, 43, 187 
Graph 
automata, cellular 
basic concepts, graph property 
measurements, and closure proper- 
ties, 42, 305 
graph and subgraph isomorphism, 
and graph structure recognition, 42, 
330 
families, generated by context free 
graph grammars, 42, 72 
grammars, families of graphs generated 
by, 42, 72 
measures of information with branching 
property over, 41, 214 
parallel, 0L systems: mathematical in- 
vestigation, 43, 50 
propagating, 0L systems: mathematical 
investigation, 43, 50 
structure, recognition, 42, 330 
Group 
automorphism, group theoretic trans- 
forms and, 41, 147 
theoretic transforms, and automorphism 
groups, 4I, 147 
H 
Heuristic rules 
• power, in Quasi-Optimizer performance 
assessment, 40, 1 
Homomorphisms 
equality languages and fixed point 
languages of, 43, 20 
Hypothesis 
compound, testing: with finite memory, 
40, 223 
Image 
1?ec0nstructi0n, Bayesian approach, 42, 
60 
Immediate languages 
bus automata nd, 40, 88 
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Indexing polynomials 
new, of finite fields, 41, 243 
Information 
interrelation with measurement and 
theory, 41, 275 
measures of, with branching property 
over a graph and representations, 41, 
214 
mutual, relations with strong equivalence 
and signal sample path properties 
for Gaussian processes, 41, 156 
questionnaire, application of divergence, 
41, 1 
Inner bound 
two-way channel capacity region can 
exceed, 40, 258 
Inside-out grammars 
Szilard languages of, 40, 319 
Instruction 
machines, programs for, 41, 9 
Integral 
contractors, use in solution of stochastic 
integral equation, 41, 56 
stochastic, equation: solution using 
integral contractors, 41, 56 
Intertwined recursion 
principle, tree transformations and linear 
systems, 40, 144 
Isomorphism 
of complete degrees of finite-state 
transformability, 40, 192 
Iteration method 
calculation of relative capacity, 43, 216 
Karhunen-Lo~ve 
expansion, relation to coordinate-free 
eigenvalue analysis, 42, 38 
Languages 
context-free 
family, incomparable with matrix 
languages finite index family, 43, 
101 
generated by noncontext free 
grammars, 43, 187 
context sensitive, bounded: comple- 
ments, 42, 283 
equality and fixed point, of homo- 
morphisms, 43, 20 
immediate, bus automata nd, 40, 88 
0L-DOL equivalence problem, decidabil- 
ity, 40, 301 
linear, realtime pushdown store automata 
and, 42, 27 
matrix, finite index family: incomparable 
with context-free languages 
family, 43, 101 
periodic, characterization, 40, 205 
regular, periodicity, 40, 205 
star, reflective, and codes, 42, 1 
stochastic, maximal derivations for 
probabilistic strings in, 42, 290 
Szilard, or IO-grammars, 40, 319 
tally, and complexity classes, 43, 198 
Learning 
theory, mathematical: formalized, axio- 
marie, abstract approach, 41, 67 
Least redundancy 
problem, queries of order two in com- 
binatorial filing scheme, 43, 255 
L forms 
context-dependent, 42 97 
Linear context-free grammar 
average stack size of derivation tree 
generated by, 42, 354 
Linearity 
polynomially decidable for realtime 
pushdown store automata, 42, 
27 
Linear languages 
realtime pushdown store automata nd, 
42, 27 
Linear-quadratic control problems 
with nonlinear measurements, 41, 119 
Linear systems 
intertwined recursion, tree transforma- 
tions, and, 40, 144 
Locally catenative 
property for DIE systems, decision 
problems of, 43, 266 
Logic 
fuzzy-valued, operations in, 43, 224 
L systems 
interactive, with almost interactionless 
behavior, 43, 83 
Lyapunov matrix equation 
discrete-time, extremal properties, 40, 
285 
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Pl N 
Machines 
instruction, programs for, 41, 9 
learning, mathematical learning theory, 
41, 67 
Macro grammars 
bounded nesting in, 42, 157 
top-down parsing scheme for, 40, 123 
Mapping space 
global, of cell systems, 43, 241 
Maps 
composite local, synthesis of cellular 
automata systems from, 43, 304 
Mathematical learning theory 
formalized, axiomatic, abstract approach, 
41, 67 
Mathematical relationships 
fuzzy, investigation of solutions, 41, 29 
Matrix 
equation, discrete-time Lyapunov: ex- 
tremal properties, 40, 285 
languages finite index family, incom- 
parable with context-free languages 
family, 43, 101 
Maximum distance separable codes 
decoding, 43, 195 
Measurements 
interrelation with theory and informa- 
tion, 41, 275 
nonlinear, certainty equivalence in 
linear-quadratic ontrol problems 
with, 41, 119 
Measures 
of information, with branching property 
over a graph and representations, 41, 
214 
nonadditive, of average charge: for 
heterogeneous questionnaires, 41, 
232 
Memory 
finite, compound hypothesis testing 
with, 40, 223 
Merging 
minimum comparison, sets of approxi- 
mately equal size, 42, 87 
Model 
for parallel computation, 41, 247 
Multiple-access channel 
general, with correlated sources: capacity 
region, 40, 37 
Nesting 
bounded, in macro grammars, 42, 157 
Nets 
Petri, free choice: formal parallel 
program based on, 40, 241 
Networks 
uniform, maximum period of, 41, 324 
Neural networks 
uniform, two-dimensional: maximum 
period of, 41, 324 
Noise 
observation, in coordinate-free !gen- 
value analysis, 42, 38 
Nonadditive measures 
of average charge, for heterogeneous 
questionnaires, 41, 232 
Noncontext free grammars 
generating context free languages, 
general class, 43, 187 
Nonlinear discrete-time systems 
one-dimensional, utonomous: function- 
al equivalence, 12, 131 
Nonlinear measurements 
certainty equivalence in linear-quadratic 
control problems with, 41, 119 
Nonlinear shift register 
sequences, cycle structure, 43, 202 
O 
Observation oise 
in coordinate-free igenvalue analysis, 
42, 38 
One-dimensional nonlinear discrete-time 
systems 
autonomous, functional equivalence, 42, 
131 
Optimality 
property, of ternary trees, 42, 10 
P 
Parallel computation 
model, functional equivalences in, 41, 
247 
Parallel graph 0L systems 
mathematical investigation, 43, 50 
Parallel programs 
formal, top-down design, 40, 241 
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Parsers 
deterministic anonical bottom-up, 43, 
280 
Parsing scheme 
top-down, for macro grammars, 40, 123 
Periodicity 
of regular languages, 40, 205 
Periodic languages 
characterization, 40, 205 
Permutations 
coding with, 43, 1 
generalized, in convolutional codes, 40, 
332 
signal samples and transform samples, 
correspondance, 41, 147 
Petri nets 
free choice, formal parallel program 
based on, 40, 241 
Picture 
digital, fuzzy subsets for connectedness 
and surroundedness, 40, 76 
Polynomial 
codes of Goethals, in new class of 
error-correcting codes, 40, 61 
indexing, new: of finite fields, 41, 243 
Principal components 
method, relation to coordinate-free 
eigenvalue analysis, 42, 38 
Probabilistic strings 
in stochastic languages, maximal der- 
ivations for, 42, 290 
Processes 
Gaussian: mutual information, strong 
equivalence, and signal sample path 
properties, 41, 156 
Programs 
for instruction machines, formal models, 
41, 9 
Propagating raph 0L systems 
mathematical investigation, 43, 50 
Pushdown store automata 
realtime, and linear languages, 42, 27 
Q 
Quasi-Optimizer 
program performance, power of heurist- 
ic rules in assessment, 40, 1 
Queries 
order two, in combinatorial filing 
scheme, 43, 255 
Questionnaire 
heterogeneous, nonadditive measures 
of average charge for, 41, 232 
information, application of divergence. 
41, 1 
Realization 
theory, for recursive, multidimensional 
filters, 43, 338 
Realtime 
pushdown store automata, and linear 
languages, 42, 27 
Reconstruction 
image, Bayesian approach, 42, 60 
Recursion 
intertwined, tree transformations and 
linear systems, 40, 144 
Redundancy 
least, problem: queries of order two in 
combinatorial filing scheme, 43, 255 
Reflective star languages 
and codes, 42, 1 
Regular languages 
periodicity, 40, 205 
~o-Regular sets 
subclasses, 43, 123 
Relative capacity 
discrete memoryless channel, calculation 
by iteration method, 43, 216 
Representations 
measures of information with branching 
property over graph, 41, 214 
Sample paths 
signal, properties: relations with mutual 
information and strong equivalence 
for Gaussian processes, 41, 156 
Sequences 
nonlinear shift register, cycle structure, 
43, 202 
o J-Sequences 
star-free regular sets of, 42, 148 
Sets 
of approximately equal size, minimum 
comparison merging, 42, 87 
~o-regular, subclasses, 43, 123 
star-free regular, of ~o-sequences, 42, 148 
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Shift register 
nonlinear, sequences: cycle structure, 
43, 202 
Source coding 
variable length, with cost depending 
only on code word length, 41, 136 
Sources 
correlated, with general multiple-access 
channel: capacity region of, 40, 37 
Stack 
size, average: derivation tree generated 
by linear context-free grammar, 42, 
354 
Star 
-free regular sets of o~-sequences, 42, 148 
height, reset-free events and strictly 
locally testable vents, 40, 267 
languages, reflective: and codes, 42, 1 
Stochastic integral 
equation, solution using integral con- 
tractors, 41, 56 
Stochastic languages 
maximal derivations for probabilistic 
strings in, 42, 290 
Strings 
probabilisfic, in stochastic languages: 
maximal derivations for, 42, 290 
Substitutions 
in EDTOL systems, 42, 194 
Systems 
linear: intertwined recursion, tree trans- 
~formations, and, 40, 144 
Szilard languages 
of IO-grammars, 40, 319 
T 
Tally languages 
and complexity classes, 43, 198 
Tessellation acceptors 
two-dimensional multipass on-line, 41, 
305 
Theory 
functional, realization problem for re- 
cursive, multidimensional filters, 
43, 338 
interrelation with measurement and 
information, 41, 275 
Top-down 
design, in parallel programs, 40, 241 
tree transductions, composition, 41, 186 
Topological characterization 
families of graphs generated by context 
free graph grammars, 42, 72 
Topology 
digital, fuzzy, 40, 76 
Transductions 
tree, composition 
bottom-up, 41, 186 
top-down, 41, 186 
Transformability 
finite-state, complete degrees: isomorph- 
ism of, 40, 192 
Transforms 
Fourier, over finite groups for error 
detection and correction in com- 
putational channels, 40, 335 
group theoretic, and automorphism 
groups, 41, 147 
Tree 
decision, complexity: for evaluation of 
Quasi-Optimizer and power of 
heuristic rules, 40, 1 
derivation, average stack size, 42, 354 
diagonal, codes, 40, 234 
ternary, optimality property, 42, 10 
transductions, composition 
bottom-up, 41, 186 
top-down, 41, 186 
transformations, bottom-up: and linear 
systems, 40, 144 
Two-dimensional binary arrays 
with good autocorrelation, 42, 125 
Two-dimensional multipass acceptors 
tessellation, on-line, 41, 305 
Two-dimensional uniform networks 
maximum period of, 41, 324 
Two-way channel 
capacity region can exceed inner bound, 
40, 258 
V 
Vote-taking algorithm 
in decoding maximum distance separable 
codes, 43, 195 
W 
Word 
code, length: cost depending only on, in 
variable-length source coding, 41, 
136 
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